vulsions occurred. The logoscope gives 71 causes of fits and convulsions, 55 causes of albuminuria, 45 causes of pruritus, 23 causes of glycosuria and 79 causes of vomiting. There are only two continuous lines in the whole panorama of the logoscope face:
No. 126 Pregnancy, including toxemia of, and No. 325 Poisons, drugs, gases and occupational. She was pregnant, with toxxmmia.
Case 4 A man with vomiting and epigastric pain, rigors and fever, and cyanosis. In this example the logoscope is asked to solve a problem of conjugating the possible causes of these manifestations; it shows 54 causes of generalized cyanosis, 76 of rigors, 147 of pyrexia, 71 of epigastric pain and 79 of vomiting and 'knows' of only two conditions having all these symptoms in common, i.e. No. 91 Pancreatitis and No. 154 Pneumococcal infections including pneumonia. Further investigation pointed to the diagnosis of pancreatitis. CONCLUSION What conclusions can be drawn from this short demonstration of the logoscope in action? We have seen that one does not need a specific sign or symptom to get a long way towards a logical differential diagnosis. We have also seen that the device provides a demonstrable, logical procedure for arriving at a differential diagnostic list of pQssibilities. The reasoning processes (recall and association) 'provided by the logoscope are open to modification and criticism from beginning to end. In cybernetics language there are no 'black box' stages in the logoscope's function. It should not be our aim to make diagnosis more mechanical but to make it more logical, more rigorously reasonable, more of a discipline. By providing ourselves with a calculus of reasoning or ars combinatoria of differential diagnosis, we may hope that although doctors will still differ they may differ less. If one includes the Armed Services, the Industrial Health Centres and the National Health Service, then about £1,000,000,000 will be spent on health in this country in 1963. Even so most people are agreed that medical services are cramped in a financial straitjacket, and it seems that the only prospects for better working conditions, better salaries, and improved medical facilities are to be sought in more efficient methods, rather than increased expenditure.
It is possible to be sanguine about these prospects for two reasons. The first is to observe how slight a part automation technology plays in medicine at the present time, and the second is to direct attention to the extraordinary range of technique now available for data-measurement, datarecording, data-processing, and data-analysis all of which have a considerable part to play in saving cost, saving time, saving labour, and improving the quality of the health services. In this paper I can only sketch the possibilities, but I shall do so with reference to three broad areas of application in which we can already demonstrate computer feasibility. It will by no means embrace all that we are doing, and even less all that can be done.
The doctor's problem today is that he simply. cannot keep abreast of anything like all the knowledge that could be of use to him. What he can cram into a few years at medical school has to serve him all his life, together with what he can sift from the spate of literature. Indeed, whatever the knowledge and experience of an individual, it is but a small part of the knowledge and experience of the medical community as a whole; to this situation, which will certainly not improve, automation can make an impressive contribution.
Most people are aware that computers can process numerical data, but it is also true that they can process alphabetical data, of the type for instance that is found on an insurance policy: name, address, age, sex, marital status, medical history, and so on. The important feature of an insurance policy, however, is that the data are set out systematically: each item is always in the same place, and we say that it has 'structure'. Computers can process any type of structured dataand whether it is intrinsically numerical or alphabetical is secondary to this consideration. The extent of the application of computers to medicine will thus be determined by what aspects of medical data can be conveniently structuredand the following examples indicate the possibilities and type of organization required.
Medical Statistics
Since 1946 Dr S H Kane, Director of the Foundation for Medical Research Perinatal Study in Philadelphia, has been collecting perinatal statistics. His methods have developed and gained considerable momentum since he acquired a computer-type installation in 1961. During 1962 he collected up to 90 items of information on each of 300,000 births from 150 hospitals. The data are entered on a pro forma at each hospital and sent by post to the computer centre; there they are transferred to punched cards and entered into the computer. Once a month the centre prepares a complete breakdown of the data for each hospital: sex, weight, type of delivery, mortality categories with weights, days in hospital, and so on. The total number of people employed is 13 of whom 7 are of junior clerical status. Each human being thus analyses about 23,000 patients' records a year, and the cost in equivalent UK value is a few shillings per record.
Compare this with what happens now in the UK. Statistics if they are available at all are generally incomplete, to a degree historical, and the human effort per statistic is a great deal higher. Comprehensive, accurate and timely statistics at less cost are therefore the first benefit to be derived from automation.
Three other important benefits arise from these procedures. The first derives from sending to each hospital not only a breakdown of its own records, but also a similar breakdown for about 30 hospitals in the same area, and one for all 150 hospitals. These statistics enable a hospital to make a comparative study of its performance. Inevitably this will lead to questions being asked and conjectures being made that would not otherwise have arisen, and in a very direct way make experience and knowledge in one place available in another.
The second important benefit of this procedure is in drug-testing. When all the laboratory and toxicity tests have been performed, together with the animal experiments and the clinical trials, there remains a certain risk of which we are now all very conscious. The computer procedure can greatly shorten this period of risk. One could require, for example, during the first months of a new drug, that its prescription be noted on a pro forma together with any deleterious effects and have the same pro forma completed from a series of similar untreated cases. Tens of thousands of cases would be quickly available for study. We can only conjecture how many thalidomide tragedies could have been avoided if such a procedure had existed a year ago.
A third important benefit is to medical research. Very often a fair proportion of a hard-won research grant is dissipated in having people pull records and thumb the pages to see what evidence exists of a correlation between two or more factors, and if, after months, a hundred or so cases are found this is thought to be time and money well spent. With a modern electronic computer procedure hundreds of thousands of cases can be, as it were, pulled in hours, and precious time and money are saved. Certainly some effort is required to set down the data in a systematic way, but compensation comes by virtue of the fact that it only has to be handled once; thereafter it is available for all types of analysis and research at electronic speeds. To the extent that the data required for research have not been adequately recorded, this type of computer organization can facilitate its collection, recording and analysis.
To sum up: a single computer centre can do much to expedite and facilitate the availability of suitably prepared medical statistical data. It can be of great assistance to administrators and research workers and could significantly reduce harm resulting from the side-effects of new preparations. It will save cost and time and will contribute to medicine.
Calculation
The uses of computers under this heading are legion and the reader will not need reminding that the four 1962 Nobel Laureates' achievementswhich promise a great deal for the life sciencescould not have been realized without computers. My example, by way of illustration, is of everyday application in radiation therapy. The practical feasibility of the following computer procedure has been established. A radiotherapist provides by telephone the following data: (a) Co-ordinates of the cross-section of the body, (b) co-ordinates of the tumour, (c) co-ordinates of the points at which the radiation sources are to be placed, and (d) the relevant isodose charts to be used. These are recorded by teleprinter, and the resulting piece of punched paper-tape inserted in the computer; a few minutes later the dosage values at several hundred points in the body are produced. These are returned to the radiotherapist together with his original data. This procedure saves cost and saves time; it also permits time for a number of alternative treatment plans to be evaluated, to the benefit of the patient.
We estimate that if all the hospitals in the London area used this facility, it would require no more than a few hours computing time. It could begin with a postal service; later the provision of teleprinters in each hospital would facilitate data transfer and allow more sophisticated mathematical analyses which should enable the computer to optimize the treatment plan.
Diagnosis
Much confusion and misunderstanding, if not prejudice, surrounds the discussion of what computers can do for diagnosis. I hope to show, within the next few paragraphs, that they have an important role to play, which in no way trespasses on the doctor-patient relationship. The computer will not replace human decision, but will extend man's capacity for refining decision by enabling him to take many more factors into account on a quantitative basis (Payne 1962, unpublished) .
We have developed the following procedure, which, although illustrated in the context of bacteriology, is of much broader application. A bacteriologist telephones the results of several tests performed on an unidentified bacterium and asks for information. We type these out using a teleprinter and insert the resulting piece ofpunched paper-tape in the computer. A few minutes later the computer lists the most likely possibilities in order of preference; it also lists in order the next sequence of tests which will most efficiently discriminate between the chosen possibilities. The bacteriologist receives this information of which he may choose to use, or not use, any part or all of it. After carrying out further tests a more extended set of test results are sent and the procedure is repeated until identification is established to the bacteriologist's satisfaction.
After several months' evaluation with this procedure we can sum up our experience as follows: The computer selection generally agrees with that of the bacteriologist, but in addition usually achieves identification with fewer tests, thus saving cost and time with consequent gain to the patient. The reason for this success is not hard to determine if we consider what the bacteriologist actually does in practice. He usually has a chart of bacteria versus tests (say 30 by 20), each cell of which gives the test outcome for the particular bacterium; given, say, four test results he compares these with each of the corresponding test results for each bacterium in the table, assigning degrees of similarity or difference. But, good as he is at this, it is nevertheless a qualitative procedure, and the computer can refine it by making quantitative comparisons, thus ordering the possibilities with that amount of precision. Secondly, the bacteri-ologist has to decide, for the halfa dozen possibles, which of the remaining 16 tests will most effectively distinguish between them; once again the computer refines his qualitative procedure by a quantitative one. These two refinements then explain the rather more efficient selection procedure of the computer. Further, the computer is not confined to tables of 30 by 20; it can just as readily store the outcomes for every known bacterium and every known test, i.e. far more than any single individual's knowledge. One can thus envisage a central reference library which would be accessible by telephone to any bacteriologist who, after performing a number of tests, wants advice on the identification of a bacterium. There is no abdication of decision; the computer is merely providing from its greater store of knowledge possibilities for consideration. It is, in fact, an automatic library facility, which could be kept up to date by laboratories of the highest competence. Furthermore, clinical statistics could be used further to refine the data. It is well known that test results are not invariable, and they therefore have to be weighted by the bacteriologist; by collecting data on, say, one thousand cases in which a given test was applied to a given bacterium, 'acid' could be refined by, say, 966 acid/34 no change. If this were done for all cases the computer store would then represent the aggregate experience as well as the aggregate knowledge.
Many readers will perhaps be very sceptical of the next stage of development to the general diagnostic problem, but in lengthy critical discussions with a large number of clinicians there is a fair consensus of agreement on validity of principles. For example, we are told that the presence of a lump in a certain condition is very different from a test result. The same lump might be described by one as large, by another as small and by a third as non-existent, and in published descriptions of this condition a lump might be recorded as invariably present, infrequent or undetectable. Clinical statistics, however, might well show that in a particular condition a lump has been reported significantly in 750 cases out of a thousand. This ratio of 3 to 1 in its reported incidence compares with about 30 to 1 in the case of a highly specific test. We should therefore regard this as a measure of the information contained in the highly specific test, as compared with the contingent but much less specific information supplied by evidence of a lump. I am aware that making progress in this particular area is going to be very much harder than in the other fields I have discussed. But after much critical examination our present computer procedure seems to accommodate all the difficulties thus far anticipated. A more detailed technical account is soon to be published. Organization It will be evident that a few medical computer centres serving the country would be sufficient in the first instance to provide access by telephone to all the facilities I have described. No specialized knowledge of computers, programming or coding, is required of the doctor. The setting up of an initial centre could do a tremendous amount to demonstrate feasibility, to educate, and to bring about a climate of opinion and confidence which, whilst aiding the economic efficiency of the Health Service, would also pave the way for improved medical services to the patient. This account by no means exhausts the projects or the methods of organization for using computers in medicine. Electronic computing is to my mind a new technique as important to the scientific world as, say, the invention of filter-paper chromatography. Its potentialities are only beginning to be exploited, for we have so far been learning how to use computers and only those who have been able to, devote considerable timehave been in a position to get worth-while results. As computing services improve both in scope and speed, so we may expect changes in the demands from research workers who can see on the one hand a prospect of solving problems that were previously intractable, and on the other hand a prospect of getting their results by return of post.
In my view the main contribution of electronic computing to veterinary science has so far been in the analysis of random sample surveys. These surveys have provided estimates for the whole of Great Britain of the prevalence of diseases of farm stock and the associated mortality (Leech et al. 1960) . With electronic computing we have been able, without employing any additional staff, to report on the analysis of the field records within a few months of the receipt of the punched cards. Electronic computing has not only increased the speed of survey analysis; it has also greatly facilitated thorough investigation of the data and the detection of gross errors. The analysis of surveys is handled by the general survey programme of Yates & Simpson (1960 , 1961 . This programme provides a general technique for the formation and manipulation of tables. The nature of the tables required for a particular survey is specified by a simple coding system but the same programme is used for all surveys, the scope of the coding system being wide enough to enable nearly all the operations required in survey work to be specified in simple terms. Undoubtedly the wide variety of surveys requiring analysis has acted as a stimulus to develop this programme, which has also proved of immense value for many other types of investigation.
Many of the results of veterinary surveys and experiments are in the form of complex tables of percentages. In a survey, we may wish to know whether regional differences in the prevalence of a disease can be accounted for by the unequal distribution of the different breeds within the regions. In an artificial insemination experiment to test various semen diluents we may have to allow for age of semen and possibly other factors when assessing the effects of the diluents on conception. The exact analysis of such data would have been virtually impossible before the days of electronic computing. A programme is written not just to deal with a specific problem but with a whole class of similar problems. The more general the programme, however, the more information needed to specify a particular analysis. The present trend is to provide a 'language' which would be readily intelligible to a wide variety of users. This 'language' or autocode would be the means of communication between the user and a large programme capable of handling any problem in the analysis of surveys or replicated experiments. The same autocode would also communicate with another programme for dealing with all problems of regression and multivariate analysis. In this way statistical programmes would be much more accessible and intelligible to those not in direct contact with electronic computing.
The problem of diagnosis has been discussed in the two previous papers. Two investigations concerning veterinary diagnosis are in progress. The first is an attempt to calculate the most efficient set of rules for the interpretation of the comparative tuberculin test on bovines. In this test, the
